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SUMMARY

Charts are presented which may be used in determining preliminsry
values of the spanwise—load, shear, bending-moment, and the accumulated—
torque disiributions of swept wings of various taper ratios. The charts
are based on strip theory and Include four aerodynamic—load distributions,
two section—moment distributions, and two inertis—load distributions. The
teper ratios consldered cover the range from 1.0 to 0, and the results are
gpplicable to any angle of sweep. The curves are useful In preliminary
design work where only a rough ldea of the magnitudes of shear and
bending moment 1s regquired.

In order to illustrate the accuracy of the present results, some
comparisons with results calculated by more acclrate methods are given of
the loads, shears, and bending moments for a hypothetlical alrplane
operating at different speed ranges.

An example is also included to 1llustrate the uge of the charts and
to show typlcal results.

INTRODUCTION

Since the determingtion of the load distribution over a swept wing,
even In the subsonlc range where incompressible fluld 1s assumed, mey be
a long and tedlous process, the fact that load distribubtions for several
speed ranges may be required makes 1t desirable that some quick and easy
method be available by which preliminary results may be determined.

For this reason, strip theory has bheen used to establish a serles of
nondimensional charts by which the load, shear, bending moment, and
accumulated torgque at any point along the wing span may readily be
determined. The charts, together with the specification of load factors,
angulaer veloclty, and angular acceleration to be used, should serve as a
preliminary gulde in determlning the sizes of ths structural elemsents
required to support the load. The results are glven in as general a form
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as posslible and conslat of charts covering the dilstributions duvue to the
additional alr load, alr loads due to an equal and opposite alleron
deflection, built—in-twist, damping-in-roll, wing—welght, normal-inertila,
and angular—inertis dlmtrlbutions. The torgues about the elastic axis,
parallel to the X-Z plane, due to the sectlon pitching moments as well as
those due to the above-mentloned alr end Inertia-load distributions are
also included. The charts cover the range of taper ratios from the rec—
tangular to the polnted wing.

SYMBOLS AND SIGN CONVENTIONS

wing load factor

gross alrplane welght, pounds

wing welght, pounds

wing span, feet

alleron apan, feet

wing chord at any statlon, feet

average chord of wing, feet

lateral distance measured from plane of symmetry, feet

lateral distance measured from plane of symmetry as

fraction of semispan <§§§>

distance from leading edge to line of asrodynaemic
conters as a fraction of the chord

distance from leading edge to elastic axis as a
fractlion of the chord

distance from leading edge to line of sectlon center
of gravity as a fractlon of the chord

angle of attack, degrees

alleron angle measursd In plane parallel to plane of
symmetry, r»adians; positlive downward

angle of built-in twist from root to tlp, radlans;
washin poaitivs
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Cy, rate of change of wing lift coefficient with angle
o of attack, per radian
czm effectlve sectlon- lift slope; rate of change of wing-
section 1ift coefficient with wing angle of attack,
per radilan
Clg rate of changé of wing-section 1ift coefficlent with

alleron deflection, per radian

Qg rate of change of wing-—section angle of attack with
C
alleron.deflection for constant 1ift at section (é%ii)
o

A wing taper ratilo

a dynamic pressure, pounds per square foot

v true airspeed, feet per second

M Macﬁ number

A angle of sweep measured from the Y-axis to the line
of aerodynamic centers, degrees; sweepback posltive

P anguler veloclty 1n roll, radians per second

P angular acceleration in roll, radians per second per second

pb /2T helix angle described by wing tip, radilans

- gravitational constant, feet per second psr second

cmo wilng—section pitching-moment coefficient about its
asrodynamic center

Acm_ increment 1n wing-section pitching-momsnt coefficient
about its aerodynamic center due to aileron deflection

1 running load at any spanwise station, pounds per foot

Q vertical shear at any spanwise station, pounds

EM vortlcal bending moment at any spanwise statlon,
foot=pounds

T

accunulated torgue at any spanwise station, pound—fest
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In sdditlon to the preceding symbols, the followlng sign conventilons
are used:

1. Upward—acting loads on the wing, whatever the source, and their
rosulting shears and bending moments are considered positive. Thus, 1in
commsection with the alr loads on the wing due to angular velocity in
roll and the Inertla loads due to angular accelerastlon, the signs may be
either positive or negaltive, depsnding on the wing being consldered and
the direction of the roll.

2. Pitching moments tending to stall the alrplane are considered
poslitive.

Other sign conventions followed in thils report are shown in figure 1.

BASTS OF CHARTS

Geometric Characterilstics of Wings

The charte glven in this report sirictly apply *to tapered wings
having the followlng geometrlc characteristica:

1. The slopes of the leading and trafling edges are constant along
the span.

2. The lines of aerodynamic centers, elastlc centers, and centers of
gravity of the sectlons are atralght and are located st constant fractlons
of the chord behind the lesding edge.

3. Allerons and flaps have congtant flap—chord ratios along the span
and hence introduce constant values of Acp.

4, Any bullt—in or aerodynamic twlst varies linearly along the span.

5. The wing section and hence the pitching-moment coefficlent 1s
constant along the aspan.

Agsumptlions

In sddition to the above geometric restrictlons, the following
aasunptions were made: .

1. The megnitude of the normal—force component at a glven spanwise
station is proporticnsel to the chord and the angle of attack at the
statlon.

2. The magnitude of the wing dsad weight at any spanwise atation is
proportional to the chord.
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The forces and moments considered act glong the lines and planes
shown 1n figure 1. Loeds and shears are given in planes parallel to the
X~7 plane. Bending moments and torques are calculated about axes parallel
to the X—exis and Y-exis, respectively.

LOAD DISTRIBUTIONS

The load distributlions covered by the charts consist of the four
aerodynamic and two lnertla or dead—welght loadings shown in figures 2
and. 3, respectively. These flgures slso show the methods for obtaining
numericel results from the charts given in figures L to 12. The
accumulated—torque distributions are shown so that the effects upon the
components of the total torque distribution of the displacement of the
elastic axls from the asrodynamic centers of sweep, and of the displace-—
ment of the sectlion centers of gravity from the aerodynamics centers may
be seen.

Addltionsl—load dlstribution.—~ This 1s the distribution assoclated
with a rigid, untwisted wing, and under the assumptions made 1t 1s con—
stant in shape and varles wlth the load factor. The nondimensional
loads, shears, bending moments, and torques due to this distribution are
given in figures L4, 9(a), and 9(b). In order to obtain the actual values
of load, shear, bending moment, and torgque in a glven case, the mumerical
value of the ordinate at any spanwiee station is multipllied by the
numericael value of the factor given in figure 2 which may be determined
from the condlitions of the problem. '

Aillerons—deflected distribution.— The load dlstribution due to
deflecting the ailercns equally and opposltely 1s a zero 1ift distri-—
bution and doses not affect the total 1lift. The load depends on the
amount of alleron deflectlion as well asg on the alleron effectlveness and
dynemic pressure. The nondimensional loads, shears, bending moments, and
torques due to this distribution are given in Tigures 4, 5, 9(a), 9(b),
and 10, The load distributions shown spply only over the part of the span
contalning the elleron, the load becoming zero at the inboard end of the
aileron. The shear becomes constant inboard of the control surface. The
bending-moment and torque distributions glven apply to allerons of various
gpan ratios as noted on the flgures. Actual values of the load, shear,
bending moment, and torgue are obtalned as before.

Bullt~in—twigt dlstribution.— A linear built—in twist in the wing
will cause distributions as shown in figures 6 snd 11. In computing the
distributions due to built~in twist elone, it is necessary to subtract
an additional load equal to the load caused by the twist to obtain a zero
1ift distribution. The resulting distribution varies with angle of twist
end dynamic pressure. Numerlcal values of the load, shear, benling
moment, end torgue in a given case are obtained as shown in figure 2.
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Damplng—~in=—roll digtributlon.— The rolling veloclty caused by the

equal and opposlite alleron deflectlon results in a dampling moment. The
load distribution due to this demping moment is computed as though the
wing has a linear antisymmeitrical twlst increasing from zero at the
airplane center line to a value of the wing—tip helix angle pb/2V at the
tip. This diestributlion 1s dependent upon the winhg—tip helix angle and

the dynemlc pressure. The distributions due to damping in roll are glven

in figures 7, 12(a), and 12(d).
Section pitching—moment distribution.— The torque distribution is

caused by the pitching-moment coefflclents of the sectlons. Under the
asgumptions made previously in this report the wing sections and con—
sequently the gection pltching-moment coefficlents are constent along the
span of the wing. The distribution varlies as the dyrnamic pressure and
is shown in figure 8.

Deflecting the allerons egqually and oppositely causes & change 1n
the pltching-moment coefficient. This increment will be constant along
the alleron span gince the alleron chord — wing chord ratlo 1s assumed
constent., The distribution varies as the dynamic pressure. The results
shown in figure 8 apply over the alleron span. Inboard of the aileron
the accumulated torque due to this increment remains constant.

Wing-welght and normal—inertla distribution.—~ This distribution
results from the structural weight of the wing. Under the assumption
made 1t is proportional to the chord and variles with the load factor and
wing welght. The results applicable to this distribution are given 1in
figures 4 and 9. The ordinates of the figures sre used in conjunction
with the factors given 1n figure 3 to obtaln numerical velues of load,
shear, bending moment, and accumulated torque.

Anguwler—inertia distribution.— Angular acceleration in roll produces
an engular-—-inertls distribution which varies as the angular rolling
acceleration. Thig distribution is assumed to be proporticrial to the
chord and the relative distance along the span. Filgures 7 and 12 present
the load, shear, bending-moment, and accumilated—torque distributions
applicable to this loading. Numerlcal values are obtalned as explained

in figure 3.

APPLICATION OF CHARTS

In order to apply the charts, numerical values of the quantities
listed in teble I are required. Many of these will be determined from
the geometric characteristlcs of the airplane while others willl depend
upon the design conditiong to be investigated. The angle & and the
aserodynamic quantitles o and i, to be used call for additional

comment, howsver, i1f reasonably accurate magnitudes of the load distri-—
butions directly affected by them are to be obtalned.
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Ag defined in the symbols, B 1s measured psrallel to the plane of
symnetry .

The value of ag to be used should be appliceble to the particular

section geometry of the aileron to be used end should be corrected for
any Mach number or other effects that may exist. A gulde to the value
of ag msy be obtalned from various NACA data reports.

The value of the effective slope Clq to be used 1s more difficult

to determine, being Influenced by both Mach number and sweep and belng
neglected in the derivatlon of the charts. Slnce induction effects were
neglected, it would be expected that errors on this account would be
lowest where such effects are a minimum, that is, at large aspect ratlos.
Unfortunately, low aspect ratlio and sweep ususlly occur together so that
to obtain & practlical value of Clq it is suggested that the lift—curve

slope for the entire wing cIu, be substltuted for the section 1ift
slope cla,' The lift—curve slope for the finite wing CL& could then be

obtalned either from tests of a wing of geometrically similar plan form
or, lacking such dete, from the relation

(A + 2) cos A

C, = C
Lq, A+ 2cos A I‘@ﬁo

where the slope for zero sweep angle CI. is appropriate to the

CA=0
Mach number in gquestion. The above equation tekes both sweep and first—
order Inductlon effects Into account and 1s based on an unpublished snalysls
from the lLangley stability tumnel.

For best results the chartes presented in this report should be used
only to determine critical wing loads.

To 11lustrate the use of the charts, the loads on the right wing will
be determined for a hypothetical alrplane with swept wings in an abrupt '
. rolling pull—out to the right. This maneuver is chosen because 1t
11lustrates the use of the flgures and indlcates the relative lmportance
of the various distributions. Values of the characteriastics of =a

typlcal high—apeed alrplane with sweptback wings are assumed and are
showvn in table I.
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Typlcal Celculation at 40-Percent-

Semlspan Statlon

Additionsl air losd = Fi (f1g. 2)
Fp at station 40 = 1.06 (£1g. 4)
%¥'= %000 (table I)

Load = 1.06 x L4000 = L2LO 1b/ft

Aileroms—deflected load = Ficq 0gB8dT (rig. 2)

F; at station k0 = O gg this station is
inboard of the ailleron

Load = O

Built-in-twist load = Fjcy 69T ' - (f1g. 2)
F), at station 40 = -0.05 (rig. 6)
c; €% = 335.1 (table I)

[0

Load = —0.05 x 335.1 = —17 1b/ft

Damping~in—roll load = F7°1a gg qT (fig. 2)
F7 at station 40 = 0.43 (fig. 7)
o1, B 4T = 768 (table I)
Load = 0.%3 x 768 = 330 1b/ft

Wing weight and normal load = Flnw : (rig. 3)
F1 at station 40 = 1.06 (fig. k)
ggg = 750 (table I)
Load = —=1.06 X 750 = =795 1b/ft

Angular—inertia losd = F7§.§§ (fig. 3)
Fo at station 40 = 0.L3 (fig. 7)
%%ﬂl = 16‘3.5 (table I)

Load

ft

—0.k3 x 163.5 = =70 1b/ft

The total load at the LO-percent-semispan station is the sum of the
increments, 3688 pounds per foot. '
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The distrlbution of shear, bendlng moment, end accumulated torgue
along the span was found In a simlilar masnner through the use of the curves
of figures 4 to 12 and the factors given in table I.

The loadings were determined along the semispan of the right wing.
The load, shear, bending moment, and accumulated torque are shown in
figures 13, 14, 15, and 16, respectively. In the Ffigures each increment
is plotted separately to show the relative lmportance of each component
of the total dlstributlons.

DISCUSSION

For simpliclty 1n manufacture, many swept wings are designed with the
chordwise members perpendicular to some constant percent chord line.
Moments in planes parallel and perpendicular to the chordwilise members are
usually considered in determining the necessary structure for such a
design. The results obtained from the charts, which apply to sections
parellel to the relative wilnd, may be adapted to this type of wing struc—
ture by adding the components of the bending moment and torgue acting in
this direction at the statlon under consideration. This willl result 1n
a new torgque given by

T! = BM sin A' + T cos A! -
and a new bending moment
BM! = BM cos A!' — T sin A'

where A' is the angle of sweep of the selected datum.

Although the charts are derived for loads which are considered
distributed, large concentrated weights such as landing gear, machine
guns, ammunition, and so forth, that may be housed in the wing may easily
be teken into account. :

The charts are applicable to wings of plan forms other than
trapezoldal. So that distributions equivalent to those of the original
wing may be obtalned, a trapezoldal wing with area and centrold equal to
those of the original wing should be used. If the center of ares of the
original wing X 1s known, the taper ratio of the equivalent trapezoidal
wing may be found from the relation

X=£'_J;
2 -3k
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The dimensions of the trapezoldal wing may now be determined, area and
taper ratio belng known. An example of this modification 1s shown in
figure 17 which also shows the effects of such a substitution upon the
accuracy of the distributions due to the additionsl alr load. The
distributions shown for the ellliptical wing were obtalned from reference 1.
Other variable factors such as bullt—in or aerodynamic twlst are assumsd
linear, whereas flap—chord ratlo, positions of the lines of centers, and
wing section are assumed constant. Althougk the use of the charts in this
manner mey reduce the accuracy of the resulis obtained, they should still
be suitable for preliminary deslgn work, provided the departurs from the
original wing is not too great. ' '

It may be ssen from the results of the typlcal exasmple as shown in
figures 13 to 16 that the largest part of the total distributions is due
to the additlonal air load. The next largest part 1s caused by wing
weight and normal inertia. The loads dus to dsmping in roll and to an
equal and opposite alleron deflection account for smaller parts of the
total dilstributions while angular inertls and built—in twist account for
even smaller perts. In the case of the torques, that due to the addltional
load 1s considerably larger than that due to the section pitching moment

because of the small vdlue of cmo selected. In a straight wing this 1s

almoat never the case because the addltional load usually introduces only
small torque values sbout the elagtic axis as compared with that due to
sectlon pitching moment, whilch ls independent of sweep. The lntroduction
of sweep, however, results 1n an Iincrease of the torque value due to the
additional air losd above that due to gection pitching moment. Since the
additional load curve ig automatically adjusted to obtailn the area under
the load curve corresponding to the assligned loed factor, good accuracy
can be expected. The load components due to built—in twist, demping in
roll, snd allerons deflected will probebly not be known to the same degres
of accuracy, on a percentage basls. However, since these components
progent relatively small contributions at the critical load conditlion, the
lack of accuracy could be tolerated in prellimin=Hsy design work.

In order to indicate the relatlve accuracy of the results obtained
from the charts with results from more accurate methods and with experi-
ment, several comparisons are shown in figures 18 to 20, These comperi—
sons are made for equal total 1ift on the wings, that is, equal shears
at the wing root. They are made for a wing with taper ratio of 0.418
since thie was the only ratio for which applicable experimental data were
available. The other characteristlicse remasin as shown in table I, Curves 1
in the figures represent the distributions due to the additionsl alr loaed
cbtained from the charts. The experimental subsonic distributions are
glven by curves 2 and dre based on data from work done at Ames Aeronautical
Laboraetory by N. H. Van Dorn and John DeYoung. The corresponding theoretical
distributions from Falkner's method (reference 2) are given as curves 3.
The supersonic distributions glven by figures 21 to 23 were computed using
the method of reference 3 for M = 1.41Lk. It may be seen that since the
results from the charts show these results to be at the most 15 percent
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low (in the supersonic case), the charts are of sufficient accuracy to be
used in preliminsry design work. EHowever, 1t should be noted that soms—
what poorer sgreement may be expected at hlgher Msch mumbers depending on
the configuration of the design.

CONCLUDING REMARKS

Charts have been presented for use in determining preliminsry values
of spanwise-load, shear, bendling-moment, and accumulated—torque distribu—
tions of awept wings of various taper ratios.

The charts will glve results that are reasonably accurate when com— °
pared with distributions determined by mesns of more accurate and
laborious methods. On the basis of these results, the charts may be con—
gidered as being applicable in preliminary deslign work.

Langiey Memorial Aeroneutical ILeboretory
Natlional Advisory Committee for Aeronautics
Langley Fleld, Va.
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TABLE I

VALUES ASSUMED' FOR EXAMPLE

Logd factor, n . . . e e s s a4 o e & s o o @
Gross alrplane weight Wy 1P o v ¢ ¢ o o o @
Wing welght, Wy, 1b . . . . .
Wing spean, b, ft . . . . .
Average wing chord, T, ft

Wing taeper ratio, A . « . &
Sweepback, A, deg . . . .
Alleron span ratio, bg/b .
Alleron chord ratio, Cg/c « « « ¢ ¢ « o« o o
Chordwise location of aerodynamic centers, k;
Chordwise location of elastlc centers, ks . .
Chordwlse location of centers of gravity, k3

Angle of bullt-in twiet of wing, €, deg . .
Slope of section 1ift curve, Cly» DOT radlan
Alleron effectlvenegs factor, ag, deg . . .
Pltching-moment coefficlent, Cmy » v e s e e
Increment in pitching-moment coefficient, Acy
Dynamic pressure, q, 1lb/sq f£ . . « « . . &

Alleron angle, 8, deg . . . v e e e
Wing-tip helix angle, pb/2V, redien . . . .

Angular acceleration in roll, b, radian/sec/sec

NACA RM No., L8A26

L] - L] L . L] 16 OOO
. 3000

. 0.50

. ... 0.50
N o Y-
C e e e .. . 0.25
R o 11
c e e .. . 0.50
. e e e ... 1.0
.« c e e s .. 6.0
e e e .. .05
. e e ... —=0.01
0.03
. . k0O

« . . 0. Oh
.
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Figure 1.- Sign conventions employed. Positive directions and
dimensions are shown. '
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Additional Load Distribution
Load, lb/ft
Fl x aW/b
Shear, lb

szn\'l

Bending Moment, ft-1b
P, X n¥Wb

Aceumulated Torque, lb-ft
F1) * nW& (kz - kl)
+ Flz x nWh tean _A.

Allerons-deflected Diatributlon

Load, 1b/ft
Fl x c7-a. ap &q%
Shear; b
Fa x cza ag 6qbT
Bending Moment, ft-1lb
F5 % c"u. ap bqbzt
Accumulsted Torque, lb~ft
sl_ Py » €1, % th‘!!‘a (kg = ¥}

+ Py % c"u ag quz‘c tan A
Bullt-in Twiet Distribution
Losd, 1b/ft -

Fh x °‘n€ qr

Shear, 1%

F xczeqht
a

5
Bending Moment 2
Fg x ¢, € qb°T
6 I L
Accumulated Torque, 1lb-ft
Fyp, » 0 € Q582 (ky - k)
a

+ Fyg o x csne qbaE tan A

Damping-in-rolli Distributlon
Load, 1b/ft
b
FT x cl‘a. %f 1.4
Srear, 1lb

b
Fg % oy Sv qbT
Berding Koment, ft-lb
b
Fg x %a Ev qsz
Aceumuleted Torque, lb-ft
L] -
Flo* oy BY que? (k, = %

+ Fl’? x cla%qbzt tan A

1)

Section Fltchling Moment Distribution
Accumulsted Torque. lb-ft
Fig * c"‘o qut

Increment in Sectlon Pltching Monent
Distribution Csuszed by Allorom Deflaction

Accumuleted Torque, lb-ft
F, x Acm qbwz ‘w:!

10

Figure 2.~ Summary of aerodynamic load distributions considered.
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Figure 3.~ Summary of Inertia Distributions Consldered.
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Wing Weight and Normsl Inertia

° Distribution
Load, 1b/ft
Fl X nww/‘b
Shear, 1lb
F2 x nWy
Bending Moment, ft-1b
F5 x n¥W,b

Accumulated Torque, 1b-ft

+ Fl2 x n¥.b tan A
+ F13 X n\‘i‘,ﬁ (k3 - kl) .

Anguler Inertls Distribution

Load, 1b/ft w

> W
Fp xE—
Shear, 1b . '
BRCRE R
g
Bending Moment, ft-1b
F x B Wyb2
S i
Accumulated Torque, lb=ft

Wy

.Flé x -g - b¥ (ka - kl)

“w. e
+ F xéTb tan _A

'

W
+ Fg X 2 - BT (k

(]

3

-k

1)
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Figure 6.~ Distributions due to linear built-in twist.
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Figure 7.- Distributions due to damping in roll and angular inertia loads.
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Figure 9.~ Accumulated torque distributions for additional air load, ailerons-deflected air load, and
wing weight and normal inertia.
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Figure 11.- Accumulated torque distribution due to built-in twist load.
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Figure 14,~ Results of typical example showing components of total
shear distribution.



NACA RM No. 18A26

I T
t
} = i
1 . T
Y = r X
bt =] [ .
! f
H
1
| T
B . 1o ¥
ey TR £y = el
r T
=k o
‘ZIL oo - -
Z = =
[Iiy or3a i el L™ chideat et Rt Hs
o it aEnm T »
E u +r T
3 - ¥
i T =X 4 iEiiTo s
: H TR T H T
I+ = T
5 { . a ot iL . H
= it 2 H : St
IRy H T
it i) :
1 7 H
rr :E -~ - . - . A
: 3 1 = iy
2 : T B Y
% 3
i 2 3 ST
1ht === T
o HE 3 !
¥ jEatsares TN, i
A = C -
¥ X
T oL: .=
HET N I =T £
i t £
5
s - L3
; F i
B : = :
; em Y24 - -+ T
R T : =
FHTER 12 n
el = 2 :
3 5 e = T
37 ﬁ"—“ et ] T % T It
PR TS Tt e ioess 28 T 1 SR =
Ik § 2 L 1 = ra
iRy HEdSH X ¥ SR R 1]
[T i3t BT T S (8 Syy Anwye &L
gy 4 =
Sryere b »
i Tk FoT & =1 T I
x: Lhradas ! N i v T H
By bt i T byt 3]
r <3t et Yier - ST e L B ]
pe T _ll" 4 1 oy & "1
: I
T L T RO T =T H
=1 3 H e
Smoe i Y i3 ; ] e e TE
i H
= = 1575 =11 = 3 38 ST a3 ity s
= = ELohry T
e = 30, ] soyoadyd i ey miv i sa1
et Ty1 fa el t 153 van Tt
Sl i = ek ~NACA S &
T o A R : = i =
T Fsoye 15a gt vl 1] =Y $Ets EXYER a5 Ot e vpees St

Figure 15.- Results of typical example showing components of total
bending-moment distribution.

a7



NACA RM No. L8A26

28

1 E
T 1
1 T
s
T
T
= 1
== I —f
et miul ReE s AT I
t
g
T
- T =y oyt oy
o
T T =
T il
1t 1 T
H 1
T i ns patay
: T T T
= bux T
T
T T T
1
1 Rzt
T et 1
: I
T
e
r
s
T
T t
Re:
T
T
T
I
T T
} 1
ias
1 Fh
= 1 T
: T Tt >
evas e
t
= t rat Tt
T
e o
R
= bt =Y 2 £
T u
bes 1
X At
s == T t:
T Tt Epeas =27 it ot
= B oy T T T
1 cade i i
b et oh H T
3 11yl 1
-y azp)
il T
1
v o indna
o 1
s
gy ]
B o I
HHHH H
I
T
T
< H g
X
' N
T %
T 3y i
T X
T it
i
T
5 T
T
11
T
1
1y
T T
T
aaif
11 apyw sty
1 i
+ s
T
] sH:
L
H3 ]
3 33 =g o rty
T T
1 I: SR ey
: T HH TA. L b
i ] a
1 [F: 3t

Results of typical example showing components of total

Figure 16, -

accumuylated torque distribution.



Trapezoldel wing
s g

Shear (10,000 1b

“ B R B
bR
JUHIE g s
Bt

3
g
3
5
i
!

Figure 17.- Results, with respect to the additional air load, from use of the charts with wing of plan
form other than trapezoidal,

9evgT “ON W VOVN




30

NACA RM No. L8A26

it

A A

AR
R

Figure 18.- A comparison of spanwise loads obtained for theoretical
airplane of example with A = 0.418 at subsonic speeds.
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Figure 19.- . A comparison of spanwise shears obtained for theoretical

airplane of example with A = 0.418 at subsonic speeds.
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Figure 21.-

Speed for wing shown.
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